ABSTRACT. Endophytic microorganisms consist of fungi, bacteria, and actinomycetes that play important roles in the process of plant adaptation to the environment. Currently, the natural associations between microorganisms and plant species are being explored for a large number of biotechnological applications. In this study, 122 endophytic bacteria were isolated from 5 cultivars of Musa spp from the state of Amazonas (Brazil). Four strains were selected because they exhibited antagonistic activities against Fusarium oxysporum f. sp cubense and Colletotrichum guaranicola, with inhibitions ranging from 19 to 30% and 27 to 35%, respectively. Phylogenetic analysis of the 16S rDNA regions of these bacteria with antifungal activity showed that they are phylogenetically related to 3 different species of Bacillus -B. amyloliquefaciens, B. subtilis subsp subtilis, and B. thuringiensis.
INTRODUCTION
Endophytes are present in plant tissues and do not cause damage to the plant or produce external structures that emerge from the plant tissues (Azevedo and Araujo, 2007) . In general, endophytes are fungi and bacteria that play important roles in the environmental adaptation process of plants (Mendes and Azevedo, 2007) .
Plants are considered complex microecosystems in which different niches can be exploited by an extensive variety of microorganisms, including endophytes . Studies of plant/microorganism interactions and the role of these microorganisms in plants have indicated their utility for a large number of applications, such as the biological control of numerous diseases (Zheng et al., 2011; Ceballos et al., 2012) , promotion of plant growth Coombs et al., 2004; Montañez et al., 2012) , and bioremediation of contaminated environments (Ma et al., 2011) .
Endophytes have been isolated from different parts of plants, such as roots, stems, nodes, leaves, and fruits, and from a wide variety of plants, including many that are of agricultural interest such as grapevines (Bell et al., 1995) , cotton , rice (Stolzfus et al., 1997) , tomatoes (Pillay and Nowak, 1997), maize , wheat and sorghum (Zinniel et al., 2002) , potatoes (Reiter et al., 2003) , banana plants (Weber et al., 2007) , and sugar cane (Lira-Cadete et al., 2012) .
In banana plants, an analysis of the response of endophytic bacterial communities in plantlets derived from tissue cultures infected with a Fusarium oxysporum f. sp cubense (FOC) race 4 pathogen showed that antagonist endophytic bacterial communities tended to increase in FOC-inoculated banana plants, indicating that the presence of the pathogen played a role in the selection of antagonists (Lian et al., 2008) . Endophytic bacteria isolated from older banana leaves exhibited higher percentages of antagonistic activity against Mycosphaerella fijiensis, which affected the morphology of the mycelia and ascospores (Ceballos et al., 2012) .
Currently, natural associations between microorganisms and plant species are being explored for their potential use in a large number of biotechnological applications such as drug discovery. Strobel et al. (2004) noted that endophytic actinomycetes that were associated with medicinal plants, especially in the tropics, could be a rich source of functional metabolites. Endophytes have proven to be rich sources of new natural compounds possessing broad spectra of biological activities and high levels of structural diversity (Pimentel et al., 2011) . Thus, the aim of this study was to isolate and select endophytic bacteria with antifungal activity from cultivars of Musa spp that were grown in the State of Amazonas, Brazil.
MATERIAL AND METHODS

Plant sources
Endophytic bacteria were isolated from 5 cultivars of banana -BRS Conquista (genotype BB), Pinsangue Seilão (AAA), FHIA 18 (AAAB), and Pacovan (AAB) -for which samples were obtained from the experimental area of Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA Amazônia Ocidental) Manaus, AM, and cultivar Maçã (AAB), which was collected at a crop in Manacapuru, Amazonas.
Bacterial isolation
Leaf tissue samples for each cultivar were collected at random from healthy adult plants, stored at room temperature, and processed within 24 h after collection. Initially, samples were washed in water, cut into pieces, and subjected to sterilization procedures with 70% ethanol, followed by disinfection with a solution of 3% sodium hypochlorite for 1 min, another wash with 70% ethanol, and 2 washes in sterile distilled water.
Endophytic bacteria were isolated from 20 fragments of 4 to 5 mm, inoculated in tryptic soy broth, and incubated for up to 2 days at 28°C. The bacterial colonies were isolated from leaf fragments and then deposited in the Amazon Biotechnology Center (CBA) collection.
Antagonistic activity tests
In vitro antagonistic activity tests were performed against FOC and Colletotrichum guaranicola, which are pathogens of banana and guarana (Paullinia cupana var. sorbilis) plants, respectively. Endophytic bacteria were evaluated by the paired culture technique. Mycelial discs of 5 mm that were obtained from each fungus were placed on Petri dishes containing enriched potato dextrose agar medium (200 g/L potato, 20 g/L dextrose, and 15 g/L agar) and incubated at 28°C for 3 days. Bacteria were inoculated, and incubation continued at 28°C for a further 6 days for FOC and 8 days for C. guaranicola. After this period, the average diameters of the pathogens and antagonistic colonies were determined using a caliper.
DNA extraction
Bacterial DNA was extracted according to a previously modified protocol by Sun et al. (2008) . Quantitation was performed with a spectrophotometer (NanoDrop-Thermo) and 0.8% agarose gel.
Molecular identification by 16S rDNA sequencing
16S rDNA from M10, M28, and PS6 isolates was amplified using primers 27F (5'-AGAGTTTGATCMTGGCTCAG-3') and 1492R (5'-GGTTACCTTGTTACGACTT-3'), while the primers V3F (5'-CCTACGGGAGGCAGCAG-3') and V3R (5'-ATTACCGCGGCTGCTGG-3') were used for the M05 isolate under the following polymerase chain reaction (PCR) conditions: 4 min at 94°C; 30 cycles of 30 s at 94°C, 1 min at 60°C, and 1 min at 72°C; and a final extension step of 10 min at 72°C. Reactions were carried out with 10X buffer (500 mM KCl, 100 mM Tris-HCl, pH 8.4, 1% Triton X-100), 2 mM MgCl 2 , 0.2 mM of each dNTP, 50 ng DNA, 0.5 mM of each primer, and 1 U Taq polymerase (Phoneutria). The PCR products were purified with PEG8000 and sequenced using primers 27F, 1492R, V3F, and V3R.
Data analysis
Triplicate data from the antagonistic activity tests were subjected to analysis of variance and the Tukey test (P < 0.01). The percentage of inhibition was calculated based on the ratio between the average inhibition and the average growth of the control. Phylogenetic analysis was performed by comparing 16S rDNA sequences from the isolates M05, M10, M28, and PS6 with different species deposited in the National Center for Biotechnology Information database (http://www.ncbi.nlm.nih.gov). The sequences were aligned with multiple sequence comparison by log-expectation, and the phylogenetic analysis based on the dataset alignment was performed with maximum likelihood (ML) by Tamura and Nei (1993) with the aid of MEGA5 (Tamura et al., 2011) . The clade stability of the tree resulting from ML analysis was assessed by bootstrap analysis with 1000 replicates.
RESULTS
One hundred twenty-two endophytic bacteria were isolated. Twenty-nine samples were isolates from the Maçã cultivar, 23 were isolates of the Pacovan cultivar, 9 isolates were from the BRS Conquista cultivar, and 55 isolates were obtained from the FHIA 18 cultivar ( In vitro antagonistic activity test of endophytic bacteria against Colletotrichum guaranicola in a direct challenge. Averages followed by the same letter do not differ by the Tukey test (P < 0.01%). M05, M10, and M28: isolates from the Maçã cultivar; PS6: isolate of the Pisangue Seilão cultivar.
late M28 showed the highest inhibition of C. guaranicola (35%), followed by M05 (32%), PS6 (30%), and M10 (27%). For FOC, isolate PS6 showed the highest inhibition rate (30%), followed by M05 (28%), M28 (24%), and M10 (19%) (Figures 1 and 2) .
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Phylogenetic analysis of the 16S rDNA of the 4 bacteria that exhibited antifungal activity revealed that these isolates corresponded to 3 different species of Bacillus. PS6 and M10 demonstrated higher correlation to B. amyloliquefaciens, M28 was most highly correlated to B. subtilis subsp subtilis (Figure 3) , and the bacterium M05 was closely related to B. thuringiensis (Figure 4) . Phylogenetic relationships between endophytic bacteria based on partial 16S rDNA sequences by the maximum likelihood method described by Tamura and Nei (1993) performed using 1000 bootstrap replicates.
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DISCUSSION
The 4 endophytic bacteria with antifungal activity isolated in this study were obtained from 2 banana cultivars that were grown in fields without high disease pressure. The ratio of the number of isolates with antagonistic activity to the total number of isolated bacteria (4/122) was relatively lower than that found by Wang et al. (2012) , who obtained 6 antagonistic bacteria of 57 bacterial strains that were isolated from the rhizospheres of healthy banana plants that were grown in a heavily wilted and diseased field. A greater number of endophytes with antagonistic activity have been observed in plants subjected to biotic stress (Lian et al., 2008) .
In recent years, several endophytic bacteria with potential use in biological control or growth promotion were isolated from different banana cultivars. Weber et al. (2007) isolated bacterial endophytes from Musa spp, specifically from Pacovan and Prata cultivars in the state of Ceará (northeast of Brazil), and they identified bacteria with potential use in biocontrol and biofertilization. Thomas et al. (2008) identified the presence of culturable and non-culturable endophytes and analyzed the ubiquitous and intense association between endophytes and bananas, including their quiescent survival in apparently clean tissue cultures.
The 4 isolates with antagonistic activity against FOC and C. guaranicola obtained in this study were characterized by sequencing the 16S rDNA region. Results indicated that the isolates were phylogenetically related to 3 species of the genus Bacillus. Isolates PS6 and M10 grouped with B. amyloliquefaciens (88% bootstrap), while isolate M28 showed higher correlation to B. subtilis subsp subtilis (Figure 3) . Bacillus spp have been described as the most promising biological control agents, and several studies have demonstrated the potential of this genus for the control of pathogens in different plant cultures (Wulff et al., 2002; Kildea et al., 2008; Arguelles-Arias et al., 2009; Pérez-García et al., 2011) .
Recently, B. amyloliquefaciens isolated from the rhizospheres of healthy banana plants in a field highly contaminated with FOC exhibited an ability to promote the growth of banana plants and antagonistic activity against FOC through the production of antifungal lipopeptides and volatile compounds . Research conducted by Yuan et al. (2012) also showed that B. amyloliquefaciens produced at least 11 volatile compounds capable of reducing mycelial growth and inhibiting the germination of FOC pathogen spores. Some strains of B. amyloliquefaciens are also important plant growth-promoting rhizobacteria and can be used as bioorganic fertilizers to promote growth (Yuan et al., 2013) . Isolated strains from activated sludge from a polluted river have also been evaluated for their potential in water remediation to remove nitrite-N and ammonia-N (Xie et al., 2013) . Moreover, virucidal effects against herpes simplex virus 1 were detected with high concentrations of subtilosin, the cyclical antimicrobial peptide produced by B. amyloliquefaciens (Torres et al., 2013) .
Isolate M28 (Table 1) , which showed the highest inhibition rate against C. guaranicola, was identified as B. subtilis (Figure 3) . Strains of B. subtilis have been used as biocontrol agents for diseases caused by fungi and bacteria (Zeriouh et al., 2011) . B. subtilis also demonstrated in vitro activity against various species of Fusarium, and the component responsible for the antifungal activity was identified as fengycin, a lipopeptide commonly produced by B. subtilis (Rebib et al., 2012) .
With the robust support of the bootstrap analysis, isolate M05 was determined to be phylogenetically closely related to B. thuringiensis (Figure 4) . In most cases, B. thuringiensis has been associated with the biological control of insects, because it is capable of causing toxicity that is 24 times higher than that by an insecticide (Konecka et al., 2012) ; however, this species has also been shown to have activity against microorganisms. Mojica-Marín et al. (2008) revealed not only the antagonistic potential of B. thuringiensis against Rhizoctonia solani of the pepper plant but also an increase in the growth of seedlings associated with antagonistic strains. In addition, Liu et al. (2012) demonstrated by recombination of the cry1E gene that B. thuringiensis was able to control pests and showed antifungal activity against 6 different phytopathogens. This demonstrates the potential of the Bacillus genus in the production of compounds with biotechnological potential and use as biological control agents for diverse cultures.
The percentages of inhibition obtained with the 3 Bacillus species that were identified in this study were within expectations because the inhibition efficacies obtained for both bacteria and yeast strains used for biological control vary based on the organism tested. Analysis of the antagonistic activity of B. subtilis against F. oxysporum ranged from 25 to 34%, and the activity was 100% against Botryodiplodia theobromae (Swain and Ray, 2009 ). When using rhizosphere and endorhiza fungi against Verticillium dahliae, inhibitions were shown to range from 8.58 to 69.78% (Zheng et al., 2011) .
